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UNIT DESIGNING APPARATUS AND
METHOD

FIELD OF THE INVENTION

The present invention relates to unit designing apparatus
and method for designing a unit mcluding a plurality of
function blocks.

BACKGROUND OF THE INVENTION

When designing a unit including a plurality of function
blocks, such as an engine of a vehicle, 1t 1S necessary to
consider not only matters concerning the engine perfor-
mance but also mountability and assembly of the engine
onto the vehicle, factors such as performance and strength of
the function blocks, and aspects related to productivity, such
as the production facilities and the man-hours required for
production. It 1s therefore important that in an automobile
manufacturer designs be planned not just by an engine
design team alone, but 1n cooperation with a production
engineering team 1n charge of production and processing
techniques for each of the function blocks. Conventionally,
after determining a target for an engine design, the design
tecam first designs the basic shape of the overall engine.
Considerations related to the production engineering team
are most commonly not taken into account until after the
basic shape has been substantially decided and the prospec-
five design of the overall engine design i1s already in view.
FIG. 9 1s a flowchart showing a common procedure for
designing an engine, shown as a convenfional example
procedure for designing a unit including a plurality of
function blocks.

In the basic specification setting step S1, the basic speci-
fications are determined after the engine design target is
orven. For example, the design target may be defined as an
engine type such as a V-6 gasoline fueled engine, a dis-
placement such as 3.5 liters, a predetermined value of target
output, and the like. The basic dimensions of the individual
engine components 1s determined based on such design
criteria.

In the basic cross-section designing step S3, the basic
cross-section of the engine 1s designed 1n accordance with
the basic specifications, and a drawing 1s created. In the
basic skeleton designing step S5, a skeleton view including
positions for the respective function blocks 1s designed and
illustrated 1n accordance with the basic cross-sectional view.
Further design 1s subsequently accomplished by incorporat-
ing details of each of the function blocks into this skeleton
view. The steps of S3 and S5 may be executed 1n manners
other than those described above.

The basic shape designing step S7 1s for incorporating the
details of the function blocks into the skeleton view. In this
step, various design aspects are performed while taking into
account factors such as the outer shape and positional
arrangement of each function block and the relationships
between the function blocks, such that the overall engine
achieves the design targets. During the steps up to S7,
requests concerning production technique requirements
imposed by the design are conveyed from the design team to
the production engineering team. However, as 1t 1s still
difficult at this stage to fully present the whole aspect of the
engine to those other than the members of the design team,
no systematic discussions are held between the design team
and the production engineering team. Accordingly, the steps
up to S7 to design a new discrete engine for each design
target, determine the basic shape, and bring the prospective
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design of the overall engine 1n view are executed almost
entirely by the design team.

After the basic shape design has been completed so that
design team can present the engine to others, the production
technique consulting step S9 1s performed to intensively
consult on matters concerning production technique require-
ments 1 accordance with the basic shape design.

In the raw material shape designing step S11, the shapes
of raw materials prior to machining are designed for the
entire engine. In this stage, upon reviewing the production
technique requirements requested by the basic shape design,
aspects of the basic shape design that should be altered to
accommodate the circumstances of production techniques
are modified 1n the raw material shape design, where pos-
sible. Based on this raw material shape design, metal,
wooden, or other molds for the engine frame and the
function blocks are designed.

In the product shape designing step S13, the product
shapes after machining are designed for the entire engine
based on the raw material shape design. As 1n S11, accom-
modations for matters concerning the production techniques
arc made 1n the product shape design, where possible.
Machining steps, processes, tools and jigs, facilities, and the
like are then determined based on the product shape design.

In the fabricating step S15, the engine 1s fabricated using,
the molds formed 1n accordance with the raw material shape
design and by performing the machining processes 1n accor-
dance with the product shape design.

In the evaluating step S17, tests are performed to deter-
mine whether the fabricated engine achieves the design
targets. Further, the engine 1s evaluated for its mountability
and assembly onto a vehicle, the strength of each of the
parts, and the like. When problems are found as a result of
the evaluation, the problems are dealt with by returning to
the proper step 1n the engine designing procedure.

As described above, 1n conventional procedure, the design
team designs a new discrete engine for each design target,
determines the basic shape, and brings the prospective
design of the overall engine 1n view before consulting with
the production engineering team.

In a conventional procedure as described above, although
the engine design team and the production engineering team
cooperate and consult each other on matters related to both
engine performance and production techniques, consulta-
tions with the production engineering team conventionally
take place only after the design team has already designed a
new discrete engine for each design target, determined the
basic shape, and brought the prospective design of the
overall engine 1n view. For this reason, 1t 1s often difficult to
include or reflect 1n a new design the matters concerning
production techniques performed for past design examples.
Furthermore, as accommodations to matters concerning the
production techniques are made in later stages of the design-
ing procedure, the accommodations can often only be
included with great difficulty. Similarly, as mountability,
assembly, strength, and the like are not evaluated until a later
stage, 1t 15 also often difficult to 1incorporate design modifi-
cations determined as necessary after that evaluation. As
such, the conventional design process 1s problematic 1n that
significant portions of the designs must be redone, increas-
ing the workload and prolonging the time required for
development.

SUMMARY OF THE INVENTION

An object of the present invention 1s to reflect, 1n design
of a new umit mncluding a plurality of function blocks, the
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accumulated results of past design examples for which
consultations concerning production techniques were
performed, thereby eliminating repetition of designs and
reducing time required for development. Further objects are
to allow consultation regarding aspects concerning produc-
fion techniques before determining the basic shape of the
unit, to allow suflicient evaluations of mountability,
assembly, strength, and the like to be conducted at an earlier
stage, and to allow an engine design team and a production
engineering team to simultancously participate in design.
Another object of the present invention 1s to accumulate the
results of the new design as an additional design example, so
as to further enhance the level of unit design standardization.

To accomplish the above objects, the present invention
provides a unit designing apparatus for designing a unit
including a plurality of function blocks, comprising a func-
tion block memory for storing a design example including
an outer shape of each of the function blocks 1n association
with a specification including a basic dimension of the unit,
a search engine for searching, with respect to each of the
plurality of function blocks, a design example to be applied
in correlation to a specification of the unit, and a raw
material shape designing device for laying out, in a basic
structural view of the unit, an outer shape for each of the
function blocks obtained as a result of the search to thereby
design a raw material shape for the unit.

The unit designing apparatus according to the present
invention further comprises a production machining infor-
mation memory for storing production machining informa-
tion including a machining shape applied to a design
example for each of the function blocks, a production
machining mformation search engine for searching produc-
tion machining information including a machining shape for
application to each of the function blocks 1n its raw material
shape, and a product shape designing device for application
to the raw material shape for the unit a machining shape for
cach of the function blocks obtained as a result of the search
to thereby design a product shape for the unit.

The present invention further provides a unit designing,
method for designing a unit including a plurality of function
blocks, comprising a searching step for searching, mn a
function block database storing a design example including
an outer shape of each of the function blocks 1n association
with a specification including a basic dimension of the unit,
a design example for application to each of the plurality of
function blocks 1n correlation to a specification of the unat.
The method additionally comprises a raw material shape
designing step for laying out, 1n a basic structural view of the
unit, an outer shape for each of the function blocks obtained
as a result of the search to thereby design a raw material
shape for the unit.

The unit designing method according to the present
invention may further comprise a production machining
information searching step for searching, in a production
machining information database storing production machin-
ing information including a machining shape applied to a
design example for each of the function blocks, production
machining information including a machining shape for
application to each of the function blocks 1n its raw material
shape. The method additionally comprises a product shape
designing step for applying to the raw material shape for the
unit a machining shape for each of the function blocks
obtained as a result of the search to thereby design a product
shape for the umnit.

According to the unit designing apparatus of the present
invention, a design example including an outer shape of each
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of the function blocks may be stored in association with a
specification mcluding a basic dimension of the unit. In this
database, a design example that can be applied 1s searched
for each of the plurality of function blocks using a specifi-
cation of the unit as the key. An outer shape for each of the
function blocks obtained as a result of the search 1s then laid
out 1n a basic structural view of the unit to thereby design a
raw material shape for the unit. In this manner, the accu-
mulated results of past design examples for which consul-
tations concerning production techniques were performed
can be reflected 1n forming new designs, thereby preventing
the recreation of designs and thereby reducing the time
required for development. Further, as additional examples
can be subsequently stored, the level of unit design stan-
dardization can be further enhanced.

Further, in the unit designing apparatus of the present
invention, production machining information including a
machining shape applied to each function block is stored. In
such a database, production machining information includ-
ing a machining shape for application to each of the function
blocks 1n 1ts raw material shape 1s searched. A machining
shape for each of the function blocks obtained as a result of
the search 1s then applied to the raw material shape for the
unit to thereby design a product shape for the unit. The
machining shape referred to herein may include a shape into
which a material 1s processed by machining or the like. In
this manner, the accumulated results of past design examples
for which consultations concerning production techniques
were performed can be reflected 1n forming new designs,
thereby preventing repetitive designs and thereby reducing
time the required for development. As the basic shape of the
unit 1s not decided until the machining shape 1s applied,
consultation regarding aspects of production techniques can
be accomplished before the decision, allowing suificient
evaluations of mountability, assembly, strength, and the like
to be conducted at an earlier stage and while allowing the
design team and the production engineering team to simul-
taneously participate 1n design. Moreover, the results of a
new design can be accumulated as an additional design
example, thereby further enhancing the level of unit design
standardization.

The present mvention further provides a unit designing,
apparatus for designing a unit including a plurality of
function blocks, comprising a function block memory for
storing a design example including an outer shape of each of
the function blocks 1n association with a specification
including a basic dimension of the unit, a search engine for
scarching, with respect to each of the plurality of function
blocks, a design example to be applied 1n correlation to a
specification of the unit, a function block registering device
for newly registering 1n the function block memory a
function block newly designed by referring to the searched
design example, and a raw material shape designing device
for laying out, 1n a basic structural view of the unit, an outer
shape for each of the function blocks obtained as a result of
a search 1n the memory including the newly registered
function block, to thereby design a raw material shape for
the unit.

The unit designing apparatus according to the present
invention may further comprise a production machining
information memory for storing production machining
information including a machining shape applied to a design
example for each of the function blocks, a production
machining mnformation search engine for searching produc-
tion machining information including a machining shape for
application to each of the function blocks 1n its raw material
shape, a production machining information registering
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device for registering, in the production machining infor-
mation memory, production machining information created
by referring to the searched production machining informa-
tion for application to the newly designed function block,
and a product shape designing device for applying to the raw
material shape for the unit a machining shape for each of the
function blocks obtained as a result of a search 1n the
memory including production machining information for
application to the newly designed function block, to thereby
design a product shape for the umnit.

The present invention further provides a unit designing
method for designing a unit including a plurality of function
blocks, comprising a searching step for searching, mn a
function block database storing a design example including
an outer shape of each of the function blocks 1n association
with a specification mncluding a basic dimension of the unit,
a design example for application to each of the plurality of
function blocks 1n correlation to a specification of the unait.
The method additionally comprises a function block regis-
tering step for newly registering 1n the function block
database a function block newly designed by referring to the
scarched design example, and a raw material shape design-
ing step for laying out, in a basic structural view of the unat,
an outer shape for each of the function blocks obtained as a
result of a search i1n the database including the newly
registered function block, to thereby design a raw material
shape for the unit.

The unit designing method according to the present
invention may further comprise a production machining
information searching step for searching, 1n a production
machining information database storing production machin-
ing information including a machining shape applied to a
design example for each of the function blocks, production
machining information including a machining shape for
application to each of the function blocks 1n i1ts raw material
shape. The method additionally comprises a production
machining information registering step for registering, in the
production machining information database, production
machining information created by referring to the searched
production machining information for application to the
newly designed function block, and a product shape design-
ing step for applying to the raw material shape for the unit
a machining shape for each of the function blocks obtained
as a result of a search 1 the database including the produc-
tion machining information for application to the newly
designed function block, to thereby design a product shape
for the unit.

When developing a unit, 1t 1s necessary to conftinually
incorporate new technologies to create products that effec-
fively compete 1 the market. According to the configuration
described above, a new function block incorporating such
new technologies can be designed by referring to or con-
sulting design examples already stored in the function block
database, and the designed function block can be newly
registered 1n the function block database. Similarly, new
production machining information for application to the
newly designed function block can be created by referring to
or consulting the production machining data already stored
in the production machining information database, and the
created machining mmformation can be newly registered 1n
the production machining information database. In this
manner, designing of a unit raw material shape incorporating
new technologies can be accomplished, and creation of a
unit product shape incorporating new technologies can also
be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a unit designing
apparatus according to an embodiment of the present inven-
tion.
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FIG. 2 1s a diagram for explaining the data structure for
matrix data, function block data, and production machining
information data according to the embodiment of the present
invention.

FIG. 3 1s a flowchart illustrating the embodiment of the
present 1mvention.

FIG. 4 1s a basic structural view of an engine designed
according to the embodiment of the present invention.

FIG. 5 1s a schematic view showing items such as bore C
and liner C searched according to the embodiment of the
present 1nvention.

FIG. 6 1s a schematic view showing a raw material shape
designed according to the embodiment of the present inven-
tion.

FIG. 7 1s a schematic view synthesizing the searched
machining shapes for the respective function blocks accord-
ing to the embodiment of the present ivention.

FIG. 8 1s a schematic view showing a product shape
designed according to the embodiment of the present inven-
tion.

FIG. 9 1s a flowchart showing a conventional procedure
for designing an engine.

DETAILED DESCRIPTION OF THE
INVENTION

An embodiment of the present invention will next be
described 1n detail while referring to the drawings. Although
a vehicle engine will be described as an example of a unit
including a plurality of function blocks, the present inven-
fion may be appropriately applied to other units. FIG. 1 1s a
block diagram showing the unit designing apparatus 1 which
1s a typical computer. The unit designing apparatus 1 com-
prises a CPU 3, an input interface 5, an output interface 7,
and an external memory device 9, all of which are connected
via a bus. The unit designing apparatus 1 may connect to an
externally provided database through a network connection
via the input interface 5 and the output interface 7.

The CPU 3 includes a basic structure designing section 21
for designing a basic structure 1n accordance with a given
design target, and a function block searching section 23 for
scarching a design example of a function block for appli-
cation to the engine concerned. The function block layout
section 25 lays out a searched outer shape of a function
block 1n a basic structural view. The raw material shape
designing section 27 designs a raw material shape. The CPU
3 further includes a production machining information
scarching section 29 for searching production machining
information for application to each function block. The
machining shape layout section 31 lays out a machining
shape of each function block obtained from the searched
production machining information 1n a raw material shape
design drawing. A product shape 1s designed 1n the product
shape designing section 33.

The external memory device 9 1ncludes a matrix storing,
section 41 for storing various correlations between engines
and the function blocks 1n a matrix, a function block storing
section 43 for storing design examples for the respective
function blocks, and production machining information stor-
ing section 45 for storing production machining information
for application to the function blocks.

FIG. 2 1s a diagram for explaining a data structure for
matrix data 51, function block data 353, and production
machining information data 355, which are stored in the
matrix storing section 41, the function block storing section
43, and the production machining information storing sec-
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tion 45, respectively. When creating a new engine design, an
engine type such as V-6 gasoline engine, a basic dimension
of the engine such as a displacement of 3.5 liters, a target
output, and the like are given to define the criteria of the
design target. The data are therefore stored 1n a data structure
which allows data necessary for engine design to be
scarched based on engine types, basic dimensions repre-
sented by displacement, and the like.

The matrix data 51 1s organized 1n a data structure in
which data are grouped according to engine type. Data for
cach engine type includes basic dimension data represented
by displacement and function block design example data.
For example, when “V-6 gasoline engine” 1s input as the
selected engine type, past design examples accumulated for
that engine type can be searched 1n a matrix comprising
displacement data and data for each of the function blocks.
When the displacement of 3.5 liters 1s selected 1n this matrix,
the design examples for the respective function blocks that
may be used 1n an engine having that particular displace-
ment can be searched. In the example of FIG. 2, the data
scarch provides the information that a V-6 gasoline engine
having the displacement of 3.5 liters can be constituted by
employing a combination including bore type C as the bore,
liner type C as the liner, and other function blocks a.-C, 3-D,
v-C, and o-F.

The function block data 53 1s organized 1n a data structure
in which data are grouped by each function block, and the
data grouped according to function block are in turn grouped
by design example. Data for each design example mcludes
design data including the outer shape of the function block
for that design example. For example, when “bore” 1s 1nput
as the selected function block, a list of accumulated past
design examples for bore 1s indicated. When selecting the
design example of bore C, data including the outer shape,
detailed drawing, dimension specification, and the like con-
cerning bore C can be searched.

The production machining information data 55 1s orga-
nized 1n a data structure in which data are grouped according
to design example of each function block. Data for each
design example mcludes production machining data such as
the machining or other machining shape, standard process-
ing procedure, standard processing conditions, standard
tools, standard jigs, and standard facilities. For example,
when “bore C” 1s input as the selected function block design
example, production machining data with respect to bore C
can be retrieved.

The manner 1n which the above-described data structure
functions will next be described while referring to the
flowcharts of FIG. 3 and FIGS. 4-8 showing the respective

states of the engine 1n its designing stages.

In the design specification setting step S21 of FIG. 3, from
the design target, the specification including the basic
dimensions of the engine, such as displacement, are set. For
example, the displacement may be specified as a 3.5 liter V-6
gasoline engine.

In the basic structure designing step S23, the basic struc-
ture designing section of the CPU 3 creates, based on the
new engine design concept, the basic skeleton view and
basic structural view showing the arrangement relationship
among the function blocks. FIG. 4 shows an example of such
a basic structural view of a V-6 gasoline engine.

In the function block searching step S25, the function
block searching section 23 searches a design example
including an outer shape for application to each function
block 1n correlation with the engine specification. The search
can be conducted using a specification of the engine as the
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key. By mputting “V-6 gasoline engine”, a matrix associated
with that engine type can be read out. Subsequently, using
the displacement of 3.5 liters, a combination of design
examples of the respective function blocks that constitute
the engine to be designed can be read out. According to the
data 1n FIG. 2, a combination including bore C, liner C, a.-C,
3-D, v-C, and 0-F 1s obtained. Next, information including
the outer shape 1s read out concerning each of bore C, liner
C, and so on. FIG. 5 shows schematic views of the thus
scarched 1tems including bore C and liner C, and the like.

In the function block layout step S27, the function block
layout section 25 lays out, in the basic structural view

obtained 1n S23, the outer shapes of the respective function
blocks searched 1n S285.

In the raw material shape designing step S29, the raw
material shape designing section 27 designs the engine raw
material shape prior to machining, based on the basic
structural view including the laid-out outer shapes of the
respective function blocks obtained 1 S27. When the
obtained data are insufficient, such as in a case where S25
did not provide data for all of the function blocks consti-
tuting the new engine, required components are designed 1n
the present step. Further, components which cannot be
incorporated into the data may be designed by simultaneous
participation of the design team and the production engi-
neering team. FIG. 6 shows a schematic view of the engine
raw material shape designed based on the basic structural
view 1ncorporating the laid-out outer shapes of the respec-
tive function blocks.

When developing a unit, 1t 1s necessary to continually
incorporate new technologies to create products that effec-
fively compete 1n the market. A new function block incor-
porating new technologies can be designed by referring to or
consulting, the design examples already stored 1n the func-
fion block storing section 43.

More specifically, a new function block 1s designed
according to the following procedure, and the newly
designed function block i1s subsequently registered in the
function block storing section 43.

A specification of the engine to be designed 1s first
determined, and then a function block for incorporating a
new technology is identified. Using the specification of the
engine as the search key, a design example for application to
the 1dentified block 1s searched 1n the function block storing
section 43. The procedure up to this point 1s identical to the
basic structure designing step S23 and the function block
scarching step S25 described above. For example, when
incorporation of a new technology 1s mntended for a bore of
an engine having a displacement of 3.5 liters, after the outer
shape, detailed diagram, dimension specification, and the
like for bore C are secarched as in the above example, a
determination 1s made as to whether the searched features of
bore C fulfill the conditions for incorporating the new
technology concerned.

When 1t 1s determined that the searched features of bore
C fulfill the conditions for incorporating the new technology,
the new technology 1s incorporated 1nto bore C. The design
procedure 1s then continued by executing the function block
layout step S27 and other subsequent steps.

When it 1s determined that the searched features of bore
C do not fulfill the conditions for incorporating the new
technology, the features of other registered bores such as
bore A and bore B are searched and referred to in addition
to those of bore C. The searched design examples are then
consulted to design a new bore N. During the design process
of the new bore N, the outer shape, detailed diagram,



US 6,576,900 B2

9

dimension specification, and the like for the new bore N are
defined by referring to the design examples and sufficiently
studying whether the new shape can be manufactured using
the existing production techniques and facilities. Simulta-
neous participation of the design team and the production
engineering team 1S preferred during design of a new func-
tion block.

As a result of referencing the design examples registered
in the function block storing section 43, a new design may
be formed simply by editing the existing designs, or,
alternatively, 1t may be determined that creation of a new
outer shape differing from the existing designs is required.

The new function block designed by incorporating a new
technology while referring to existing design examples as
described above 1s then registered in the function block

storing section 43 1 association with 1ts engine specifica-
tion. Subsequently, the designing procedure 1s continued by
executing the function block searching step S25 and other
subsequent steps, thereby enabling design of a unit raw
material shape using the function block incorporating a new
technology.

In the production machining information searching step
S31, the production machining information searching sec-
tion 29 searches, 1n the production machining information
storing section 45, production machining information
including machining shapes with respect to each of the
design examples of the respective function blocks. For
example, mputting “bore C” triggers execution of a search
for production machining data including the machining
shape, standard processing procedure, standard processing
conditions, standard tools, standard jigs, and standard facili-
ties for bore C. FIG. 7 1s a schematic view synthesizing the
scarched machining shapes for the respective function

blocks.

In the machining shape layout step S33, the machining
shape layout section 31 lays out the machining shapes
acquired through the above search in the raw material shape
drawing obtained 1n S29. The machining or other processing
shapes of the respective function blocks may be separately

laid out, or, alternatively, laid out 1 the synthesized state
shown 1n FIG. 7.

In the product shape designing step S35, the product
shape designing section 33 designs the engine product shape
after machining based on the raw material shape drawing
incorporating the laid-out machining shapes of the function
blocks formed i1n S33. When the acquired data are
insufficient, such as in a case where S31 did not provide data
for all of the function blocks constituting the new engine,
missing sections are designed in the present step. Further,
sections which cannot be incorporated into the data may be
designed by simultaneous participation of the design team
and the production engineering team. FIG. 8 shows a
schematic view of the engine product shape designed based
on the raw material shape drawing incorporating the laid-out
machining shapes of the function blocks.

As described 1n relation to the raw material shape design-
ing step S29, new function blocks are designed to continu-
ally incorporate new technologies, and the data such as the
outer shapes of such newly designed function blocks are
registered 1n the function block storing section 43. In the
above example, bore N 1s newly registered 1n the function
block storing section 43. When a new production machining
should be performed for a new function block, new produc-
fion machining information including an outer shape 1is
created 1n the product shape designing step S35.

More specifically, production machining information
associated with the new function block is created by search-
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ing and referring to or consulting the existing production
machining information stored in the production machining
information storing section 43. It 1s apparent that this step of
creating production machining information may immedi-
ately follow the step of designing the new function block.
According to the above example, production machining data
including the machining shape, processing steps, tools, jigs,
facilities, and the like for bore N are created. Simultaneous

participation of the design team and the production engi-
neering team 1s preferred during creation of the production
machining information for the new function block.

The created data are registered 1n the production machin-
ing information storing section 45 in association with the
new function block. When, as a result of referencing the
existing production machining information, it 1s determined
that existing production machining information is sufficient
for the new function block, that existing production machin-
ing information 1s correlated to the new function block.
Subsequently, the designing procedure i1s continued by
executing the production machining information searching
step S31 and other subsequent steps, thereby allowing
designing of a unit product shape using a function block
incorporating a new technology.

The data storing step S37 1s executed whenever a new
engine design 1s completed to store the data for the new
engine design 1n the matrix storing section 41, the function
block storing section 43, and the production machining
information storing section 43.

In this manner, the matrix storing section 41, the function
block storing section 43, and the production machining
information storing section 45 accumulate additional data
cach time a new design 1s created. By considering these data
when designing new units, the accumulated results of past
design examples for which consultations concerning pro-
duction techniques were performed can be reflected in the
new design, thereby preventing repetitive design and
thereby reducing time the required for development.

Further, according to the present invention, consultation
regarding aspects of production techniques can be accom-
plished before the basic shape of the unit1s decided, at points
such as before the raw material shape and the product shape
are designed. This makes 1t possible to conduct suflicient
evaluations of mountability, assembly, strength, and the like
at an earlier stage. Furthermore, the design team and the
production engineering team can simultaneously participate
in design.

Moreover, the results of the new design can be accumu-
lated as an additional design example, thereby further
enhancing the level of unit design standardization.

What 1s claimed 1s:

1. A unit designing apparatus for designing a unit includ-
ing a plurality of function blocks, comprising:

a function block memory for storing a design example,
which 1s a result of a past design for which consulta-
tions concerning production techniques were
performed, including an outer shape of each of the
function blocks 1n association with a specification
including a basic dimension of the unait;

a search engine for searching, with respect to each of the
plurality of function blocks, a design example to be
applied 1n correlation with a specification of the unit;

a raw material shape designing device for laying out, 1n a
basic structural view of the unit, an outer shape for each
of the function blocks obtained as a result of the search
to thereby design a raw material shape for the unit;

a production machining information memory for storing
production machining information, resulting from the
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past design for which consultations concerning produc-
tion techniques were performed, 1including a machining

shape applied to a design example for each of the
function blocks;

a production machining information search engine for
scarching the production machining information
including a machining shape for application to each of
the function blocks 1n 1ts raw material shape; and

a product shape designing device for applying to the raw
material shape for the unit a machining shape for each
of the function blocks obtained as a result of the search
to thereby design a product shape for the unit.

2. A unit designing method for designing a unit including

a plurality of function blocks, comprising:

scarching 1n a function block database storing a design
example, which 1s a result of a past design for which
consultations concerning production techniques were
performed, including an outer shape of each of the
function blocks 1n association with a specification
including a basic dimension of the unit, a design
example for application to each of the plurality of
function blocks in correlation with a specification of the
unit;

laying out, in a basic structural view of the unit, an outer
shape for each of the function blocks obtained as a
result of the search to thereby design a raw material
shape for the unit;

searching 1n a production machining information database
storing production machining information, which 1s a
result of the past design for which consultations con-
cerning production techniques were performed, includ-
ing a machining shape applied to a design example for
cach of the function blocks, the production machining
information including a machining shape for applica-
tion to each of the function blocks 1 its raw material
shape; and

applying to the raw material shape for the unit a machin-
ing shape for each of the function blocks obtained as a
result of the search to thereby design a product shape
for the umnit.

3. A unit designing apparatus for designing a unit includ-

ing a plurality of function blocks, comprising;:

a function block memory for storing a design example,
which 1s a result of a past design for which consulta-
tions concerning production techniques were
performed, mcluding an outer shape of each of the
function blocks 1n association with a specification
including a basic dimension of the unait;

a search engine for searching, with respect to each of the
plurality of function blocks, a design example to be
applied 1n correlation with a specification of the unit;

a Tunction block registering device for newly registering
in the function block memory a function block newly
designed by referring to the searched design example;

a raw material shape designing device for laying out, 1n a
basic structural view of the unit, an outer shape for each
of the function blocks obtained as a result of a search
in the memory including the newly registered function
block, to thereby design a raw material shape for the
unit;

a production machining mnformation memory for storing
production machining information, which 1s a result of
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the past design for which consultations concerning
production techniques were performed, including a
machining shape applied to a design example for each
of the function blocks;

a production machining information search engine for
scarching the production machining information
including a machining shape for application to each of
the function blocks 1n its raw material shape;

a production machining information registering device for
registering, in the production machining information
memory, the production machining information created
by referring to the searched production machining
information for application to the newly designed func-
tion block; and

a product shape designing device for applying to the raw
material shape for the unit a machining shape for each
of the function blocks obtained as a result of a search
in the memory including the production machining
information for application to the newly designed func-
tion block, to thereby design a product shape for the
unit.

4. A unit designing method for designing a unit including,

a plurality of function blocks, comprising:

scarching 1n a function block database storing a design
example, which 1s a result of a past design for which
consultations concerning production techniques were
performed, mcluding an outer shape of each of the
function blocks i1n association with a specification
including a basic dimension of the unit, a design
example for application to each of the plurality of
function blocks 1n correlation with a specification of the
unit;

newly registering 1n the function block database a func-
tion block newly designed by referring to the searched
design example;

laying out, 1n a basic structural view of the unit, an outer
shape for each of the function blocks obtained as a
result of a search 1n the database including the newly
registered function block, to thereby design a raw
material shape for the unit;

searching 1n a production machining information database
storing production machining information, which 1s a
result of the past design for which consultations con-
cerning production techniques were performed, includ-
ing a machining shape applied to a design example for
cach of the function blocks, the production machining
information including a machining shape for applica-
tion to each of the function blocks 1n its raw material
shape;

registering, 1n the production machining information
database, the production machining information cre-
ated by referring to the searched production machining,
information for application to the newly designed func-
tion block; and

applying to the raw material shape for the unit a machin-
ing shape for each of the function blocks obtained as a
result of a search 1n the database, including the pro-
duction machining information for application to the
newly designed function block, to thereby design a
product shape for the unit.
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